In countries where the majority of the seafood is imported, information about seafood origin is important in particular from a food safety perspective. In the case of Belgium, no database is available describing the origin of commercial seafood products. This investigation to determine the origin revealed three important problems. First, information needed to stem from different non-related databases; second, import countries did not define fishing grounds or product sites; third, seafood may have transited many areas and no information was available on this. Since European traceability regulations have been established for seafood, some limited extra efforts with respect to data collection and management can lead to (inter)national databases making seafood traceability information more practically useful, for example towards public health policy making.
INTRODUCTION
The regular consumption of fish and other seafood has been promoted during the last decades because they contain proteins of high biological value, are rich in certain minerals and vitamins, low in saturated fatty acids and are an excellent source of long chain omega-3 polyunsaturated fatty acids, which have been associated with cardiovascular health benefits [1] . At the same time, seafood products are a dietary source of carcinogenic (e.g. dioxins and polychlorinated biphenyls (PCBs)) and non-carcinogenic (e.g. methyl mercury) contaminants. Both properties depend in part on the origin of the seafood [2] . For example, since PCBs and dioxins originate from human and industrial activities, fishing grounds in the vicinity of industrially developed regions are more contaminated with these contaminants than others [3] . Since Belgium is a small country with a very small coast line and only three commercial seafood harbours, a large part of the seafood available on the Belgian market is imported from other countries. Moreover, the current seafood supply and food supply in general is characterized by an increasing globalization, with increasing international trade, often hampering adequate and detailed food traceability. Specifically, seafood is the most traded of all food commodities [4] . A better understanding of fisheries trade flows would, therefore, be helpful in attempts to examine the interactions between trade, fisheries management, and marine ecosystems [5] , and to use this information in epidemiological and food safety related work. Moreover, a recent study by Jacquet and Pauly [6] indicated that trustworthy information and watertight guarantees with respect to seafood origin are crucial with respect to consumer protection, and could be highly relevant towards public health policy.
*Address correspondence to this author at the Department of Food Safety and Food Quality, Ghent University, Belgium; E-mail: isabelle.sioen@ugent.be In this study, the focus lies on the aim to make seafood traceable on a more specific level, i.e. country of origin as well as fishing ground. In general, traceability information is of interest from environmental perspectives, food safety perspectives, for public health policy and supply chain management. This specific study was performed within a project investigating the food safety and public health aspects of seafood consumption by the Belgian population.
Traceability is defined as 'the ability to trace the history, application, or location of what is under study' (ISO 9000) [7, 8] . Nowadays, traceability has become part of any good quality management system since it aims to follow the product in each step of the supply chain. The Codex Alimentarius Commission [9] defined traceability or product tracing as "the ability to follow the movement of a food through specified stage(s) of production, processing and distribution".
The introduction of traceability into the food supply chain is a relatively new concept, whereas traceability systems have been used for many years in several other sectors such as aviation, automobile, and pharmaceutical industry [7] . Globalization of trade and the lack of international standards have made identifying the origin and history of seafood products difficult, raising concerns from retailers, food service providers, and consumers about the safety of their seafood supplies. It is clear that traceability could be an important strategy to address consumer concerns about the quality of the supplied seafood and the declining fish populations in the wild, as well as to address growing pressure from consumers to produce sustainable food [8] . Pàlsson et al. [10] reported that the seafood industry happened to use mainly paper based traceability systems during the nineties. Although this is gradually changing owing to information and communication technology advancements [11] , important barriers to its application in the field and in practice persist. Software systems allowing for the integration of financial and production data in one software package are typi-cally too costly for the small business units in fisheries or in the fish and aquaculture industry [7] . Furthermore, questions rise as to how artisan and small exploitations at the primary production level can cope with regulatory and contractual traceability requirements [12] . Nevertheless, rapid developments in information technology, standardised data management, transmission and archiving protocols, as well as physical labelling and encoding systems, such as RFID-tags as data carriers, have fostered the technological feasibility of traceability, even in the case of seafood [13] [14] [15] . Also, new tools relating to genomics, such as molecular genetics, DNAmarker technology and proteomics allow for species identification, claim authenticity testing and verification of labelling and certification schemes [16] [17] [18] . Whereas from a technological point of view the necessary procedures, tools and instruments seem to be available, major challenges still pertain to the economic feasibility and potential market benefits of traceability beyond legal requirements, which depends for a major part on consumer willingness to pay for greater access to information about the origin and history of seafood products [8, 19] .
In 2001, the European Commission [20] published a regulation laying down detailed rules about the information that has to be supplied to the consumer about fishery and aquaculture products (Commission Regulation EC 2065/2001). This regulation determines that appropriate marking or labelling for seafood products has to indicate the commercial designation of the species, the production method (wild caught at sea or in inland waters versus farmed or from aquaculture), and the fishing ground where it was caught or produced. The latter must be documented as follows: for fish caught at sea, the FAO area (for more details see later) must be stated; for fish from inland waters the country of origin must be provided; and for farmed fish the country of the final development (i.e. the last step in the processing) of the product must be given [7] . This information must be indicated on the label or posted up in the case of fresh fish sold in bulk, e.g. in retail or fish monger shops. Horizontal traceability requirements, i.e. the requirement of being able to trace down from requirements to implementation and up from implementation to requirements (and all points in-between), were introduced by the European Union in its Regulation EC 178/2002, which has been in force since January 1, 2005. These requirements apply to all types of food, including seafood.
The European regulation involves that for all the consumable fish on the Belgian market, information must be available describing the fishing ground or production country where the commercial seafood products were caught or produced. This regulation concerns individual products. Up to now, however, no aggregate database is available describing quantitatively the origin of the seafood species available for consumption in Belgium; and to the authors' knowledge no publications describe the existence of such a database in other countries.
Moreover, a pan-European study by Euroconsumers showed that incorrect labelling of seafood products was the rule rather than the exception in 2006: almost 90% of the seafood samples collected from Belgian retail outlets were labelled incorrectly [21] . Also a recent Norwegian study evaluated the traceability systems in the supply chain of the Norwegian fish industry and food retail trade and showed that traceability labelling was unsatisfactory. Almost 40% of the considered fish products could not be traced back to the fishing vessel or the fish farmer [22] .
The initial aim of the work reported in this paper was to investigate the origin of the seafood products available on the Belgian market. However, during the study, it became clear that many impediments exist which made the detailed execution of this work difficult. The current paper, therefore, focuses on the procedure followed, the preliminary results obtained, and resulting recommendations related to extra data needed to improve seafood traceability on an aggregate level and any subsequent analyses related to benefits and/or risks depending on seafood origin in the future.
METHODOLOGY
On the basis of food consumption data available in Belgium, 41 seafood species and two fish products (caviar and surimi) were considered relevant for this study due to their regular consumption ( Table 1) .
In order to gather information about the origin of these commercial seafood species and products available on the Belgian market, four different data sources were combined. These concern two national databases: (1) The economic CEC-database resulted into an Excel-file containing Belgian import and export data of all seafood products (fresh, frozen, and canned). The database contained for each seafood product the flow (import or export), the product name (mentioning one or more scientific names of seafood species), the Dutch name, the country of import or the country to which it was exported, the amount in tons imported or exported, and the value in euros. The FAO provided data about the annual catching and production of all different seafood species by all countries. ICES collected annual landings data on the level of sub areas within the Northeast Atlantic Sea including over 200 species officially submitted by 19 ICES Member States. For this study, a combination was made of different FAO-datasets and the ICESdataset in order to link this combined datasets with the CECdata and describe as detailed as possible the catching and production of seafood with respect to the various fishing grounds.
The applied methodology consisted of two consecutive steps. In a first step, the countries of origin were determined for the seafood products on the Belgian market. In a second step, an attempt was made to express their origin in terms of fishing grounds. To illustrate the methodology, an elaborated example for cod, one of the most consumed seafood species in Belgium, is given in the appendix of this paper. 
Defining the Countries of Origin
With respect to seafood imports, only the import data from other countries into Belgium were taken into account, thus excluding landing data (i.e. no catching data of the Belgian fleet), since the latter were available with more details from the Belgian Sea Fisheries Department (expressed in the same terms as the FAO classification). A large amount of the imported seafood is, however, again exported. Lacking more detailed information, the assumption had to be made that exporting seafood products from Belgium to other countries (whether it were own landings or imports) did not change the country's proportional import share. Only the data of the year 2000 were used, describing quantitatively the different countries of import for each seafood product on the Belgian market in 2000. For each seafood product the ratio originating from each country of interest was computed as a percentage.
Defining the Fishing Grounds of Origin
The FAO defines worldwide 24 different fishing grounds. Six codes describe a zone of inland waters and 18 describe a sea or a part of an ocean ( Table 2 and Fig. 1 ). This FAO classification was applied to describe the origin in the second step. In addition, it was of interest to subdivide four fishing grounds and define the origin by their subdivisions: the North-eastern Atlantic Ocean, the Eastern Central Atlantic Ocean, the South-eastern Atlantic Ocean, and the Mediterranean & Black Sea, since they are important regions of origin for the seafood on the Belgian market.
As such, smaller seas, e.g. the Baltic Sea and the North Sea, became separated entities and were not just considered together with a lot of other seas such as the North-eastern Atlantic Ocean. The relative amounts per country were converted to relative amounts per fishing ground by applying the combined dataset of the FAO data and the ICES.
Therefore, a second assumption had to be made, considering that the country of import is the same as the country of origin (assuming that there was no transit). The data were sorted per species (based on the scientific name) and per country. For each of these species-country combinations the amounts caught or produced per fishing ground were given in tons. In summary, two databases were constructed (CEC2000 and FAO2000). CEC2000 describes the amount imported from all relevant countries (species-country combination), for each seafood product on the Belgian market (defined by a product name). FAO2000 describes the amount caught or produced in each relevant fishing ground (species-countryfishing ground combination), for each seafood species and all countries all over the world. These two databases were then linked to each other at the level of species and country by creating 101 Sp-codes (Species-codes) and 1022 unique SpC-codes (Species-Country-codes). As such, the speciescountry combinations in both files could be described by that code. Subsequently, the distribution per SpC-code out of CEC2000 over the different fishing grounds was calculated case by case by multiplying the amount imported in ton by the relative percentage caught or produced by that country over the different fishing grounds (found by looking up the corresponding SpC-code in FAO2000). Up to this point in the procedure, the data describing the landings in the Belgian harbours in 2000 were not taken into account. These data were available in a database already split up per fishing ground. Subsequently, these data were added to the newly composed database. Thereupon, for each Sp-code the distributions over the fishing grounds were summated in order to get the overall division per species without the separation per country. Finally, the relative percentages for each species per fishing ground were calculated to meet the final objective of the study. 
FINDINGS

Countries of Import
From the CEC 2000 data, it appeared that -in the year 2000 -219,000 tons of seafood was imported from 116 countries, geographically spread over the five continents and 26,000 tons seafood was landed in Belgian harbours. This yields a total amount of 245,000 tons of seafood entering Belgium in 2000 from which 89% was imported. Of the total Belgian imports and landings, 90% was contributed by only 22 countries (Belgium inclusive) ( Table 3) , 71% of which originated from European countries. When different product groups are considered, it appeared that 98% of the crustaceans and shellfish was imported, and finfish imports accounted for 85% of the total finfish supply.
As shown in Table 3 , more than 50% is supplied by Belgium and three European countries: The Netherlands, France, and Denmark. It is important to repeat that the table describes the countries of import, not of origin. Of the total amount of 245,000 tons of seafood entering in Belgium, 40% (99,000 tons) were subsequently exported to other countries, leading to 146,000 tons available on the Belgian market for consumption. This is roughly 14.6 kg/year/caput or 280 g/week/caput.
Fishing Grounds of Origin
Two assumptions had to be made before distributing the imported seafood products on the Belgian market over the different fishing grounds expressing their origin. The first one involved assuming that the country of import did not differ from the country where the seafood was captured or produced. It should be noted that this assumption is not correct in all cases since it is known that several countries import raw fish from a country with an extensive seafood capture or production capacity to process them (peeling of shrimps, filleting of fish …) and export post processing. However, as no quantitative information was available concerning the transit of seafood products, there was no alternative for this assumption.
A second assumption was related to the observation that a large amount of fish imported or caught in Belgium is exported back again to other countries. This hampers the determination of the origin of marine food products, since it is unknown what the origin of the exported products really is: they may be landed, or imported from various countries. The assumption was made that exporting a certain seafood species out of Belgium to other countries (whether it were own landings or imports) did not change the ratio describing the different countries of origin for that species.
Taking into account the assumptions made, the combination of the estimated data indicated that more than 50% of the seafood products on the Belgian market originated from the Northeast Atlantic Area, with the North Sea being the most important sub area (accounting for 13%). Fig. (2) shows the results for two individual fish species frequently consumed in Belgium. This figure indicates that almost all cod available on the Belgian market origins from the Northeast Atlantic Sea. Tuna originates from many different FAO areas, with the Eastern Central Atlantic Sea contributing most of the tuna available on the Belgian market.
DISCUSSION AND FUTURE DIRECTIONS
Even when any remaining technological barriers or practical issues in the implementation of seafood traceability could be lifted, and despite the new and stringent EU legislation dealing with seafood traceability, labelling and information provision, the composition of an aggregate electronic database bringing together all relevant information on an (inter)national level remains a major challenge related to the traceability of commercial seafood. The current lack of such a database causes problems to determine the origin of seafood products on an aggregate level, and might also hamper Fig. (2) . The calculated origin of two frequently consumed fresh fish species in Belgium (in %).
withdrawal or recall of defective or hazardous products, as well as adequate consumer and public health policy decisionmaking. Moreover, even if the traceability data resulting from European legislation had led to a consistent database, the enforced level of detail might not be sufficient, e.g. the Baltic Sea cannot be distinguished from the North Sea, since both fishing grounds are located in the FAO area Northeastern Atlantic Ocean. Moreover, it seems that this problem is not a new one, and also exists beyond the boundaries of Europe, since American researchers also concluded that landings by the seafood industry are difficult to manage [26] .
Morrissey [27] addressed the role of traceability and indicated that the systems are in place and possess of the necessary features from a technological point of view to safeguard and guarantee seafood origin. Our study demonstrates that, despite the technological developments and recent legislative advances in this respect within the EU, traceability systems and their potential benefits towards policy making are still largely underexploited. It still appears extremely difficult to trace the origin of seafood products on an aggregate market level. Therefore, we call for extending the use of the valuable traceability information that is already available, Pacific, Southeast so as to make this information more suitable e.g. through international databases, to be used for public health and marketing policy purposes and to make traceability more valuable for policy making.
Lupin [12] notes that "despite the noticeable development of traceability systems, some important questions remain open, particularly at the level of international food and seafood trade". Apart from regulatory issues, approvals of principles and practical applications, one of these open questions relates to the establishment of centralised aggregate databases. Our study made clear that it is extremely hardeven in the case of a small and well-defined market such as the Belgian one -to determine the real origin of commercial seafood products until consumers' dishes; this, in spite of all existing regulations concerning traceability of food items and the marking and labelling of commercial food products. Examples of voluntary chain traceability systems and investigations with respect to what data should follow a fish product through the chain from catch/farming to consumer are available (e.g. TRACEFISH). Nevertheless, to the authors' knowledge, no aggregate market-level databases covering fish species, volumes and origin are available. In absence of such a clear and useable database, this study has aimed at establishing the origin of seafood products on the Belgian market. Therefore, efforts were made to collect and link data from different sources.
Even though the market under consideration is rather small and well defined, important problems were encountered. First, the information needed came from different, non related sources, which can hardly be linked. Second, countries of import did not necessarily specify the fishing grounds or production sites of their export products and several assumptions had to be made in this respect. Third, even when one would be able to retrieve detailed information about the origin of seafood in terms of fishing grounds, the relevance of this information remains uncertain since seafood species caught at a certain fishing ground might have transited many others during their life. In the future, more information describing the transit of seafood products between different countries is necessary in order to find out the origin of the products. Finally, the specific purpose of studying the origin of seafood products was to use the numerical results for the assessment of the intake of nutrients and contaminants via seafood consumption. Especially with respect to exposure to contaminants, thus from a public health perspective, information about seafood origin is crucial since contaminant levels vary across different origins much more than nutrient levels. This also necessitates the availability of contaminant concentration data in seafood products specifying the related fishing grounds. One of the major outcomes of this study is that it revealed the current problems encountered when aiming to describe the origin of seafood on a consumer market of national level.
It is indeed a particular challenge to investigate on the traceability of seafood on national markets, since seafood is both the most traded food item globally, which furthermore offers substantial health benefits, but also eventual safety risks (e.g. a too high contaminant intake when fatty fish is consumed unlimited) for consumers. Moreover, since regulations have recently been enacted on the European level to trace and label seafood with its origin, some extra efforts on the level of data collection can hopefully lead to the composition of (inter)national databases based on seafood traceability information. Such information databases would definitely mean substantial added value besides traceability as such, and make traceability information valuable besides the classical tracking and tracing of products. When efforts would be performed to establish such databases, it will be of interest to label the origin of the seafood on such a level of detail that it becomes more meaningful for consumers, policy makers and researchers in the field of public health. The latter is relevant since Belgian consumers, in particular those with high importance attached to ethical and sustainability issues, are interested in more information about the production method and the origin [28] . Our exercise has exemplified that it is possible to determine the origin of seafood products in a particular market. More importantly though, this case has demonstrated that several difficulties were encountered and numerous assumptions (some of which might not perfectly hold in reality) had to be made, for determining the origin of seafood products on a particular market. Therefore, the main contribution of this paper pertains to identifying limitations and questions, which hopefully can be solved in the near future through taking benefit as much as possible of the numerous mandatory and voluntary traceability systems that have been established recently. 
